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[001] METHOD AND DEVICE FOR CONTROLLING STARTING. DRIVING 
OR SWITCHING PROCESSES OF A MOTOR VEHICLE 

[002] This application is a national stage completion of PCT/EP2005/00081 8 filed <• 

Januan/ 28. 2005 which claims priority from German Application Serial 
No. 10 2004 009 233.8 filed February 26. 2004. ^ 

[003] FIELD OF THE INVENTION 

[004] The invention concerns a method and a device for controlling starting, 

driving and shifting processes of a motor vehicle in accordanc e with th e pr e amble ^ 
to patent c l a i ms 1 through 7 . 

[005] BACKGROUND OF THE INVENTION ^ 

[006] It is generally known in specialist circles that with motor vehicles with 

manually actuated starting and shifting, increased wear and tear of the clutch disk 
can occur if the driver generates an improperly high motor rotational speed 
because of a very good sound insulation of the motor vehicle, reduced ability to 
hear and/or diminished driving capacity due to a strong deflection of the 
accelerator. Upon engaging the clutch, the then very high differential rotational 
speeds between the input side and the output side of the clutch are noticeable 
through an unnecessarily high mechanical stress of the clutch disk coating. 

[007] The invention is, therefore, based upon the objective of presenting a device 

as well as a method with which unnecessarily strong wear and tear of the starting 
and shifting clutch can be avoided by accelerator deflection not adapted to a 
starting or shifting situation for a representative motor vehicle with a drive motor, 
a gearshift and a clutch. 

[008] Th e r e a l ization of this obj e ct i v e ar i ses for th e d e v i c e from th e f e atures of th e 

main c l aim and for th e m e thod from d e p e nd e nt c l a i m 7. Advantag e ous furth e r 
d e v el opm e nts and r e f i n e m e nts of th e i nv e ntion can b e der i v e d from th e d e p e ndent 
c l aims. 
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[009] SUMMARY OF THE INVENTION 

[010] Accordingly, with regard to the device for controlling starting, driving or 

shifting processes of a motor vehicle, the invention proceeds from the assumption 
that a drive motor, a gearshift as well as a starting and shifting clutch belong to the 
power train, by means of which the drive motor and the gearshift can be brought 
into effective drive connection with each other. Moreover, this motor vehicle has 
a manually actuatable clutch actuation device as well as a control apparatus which 
stands in connection with a power element of the same to control the power of the 
drive motor, and which is connected with sensors using signal engineering which 
sense the angle of accelerator deflection A, the motor rotational speed C, 
the transmission input shaft rotational speed E and the transmission output shaft 
rotational speed G. 

[01 1] With regard to the control device, for realization of the objective posed, it is 

proposed that the control device has a first calculation module with which a target 
motor rotational speed value D is calculated for shifting processes as a function 
of the transmission output shaft rotational speed G and the target gear, toward 
which the engine rotational speed C is adjusted in such shifting processes; that the 
control apparatus has a second calculation module with which, outside of shifting 
processes, when the clutch is slipping, the fuel injection amount B for the drive 
motor is calculated as a function of the accelerator deflection angle A as well as 
from the motor rotational speed C and/or the transmission input shaft rotational 
speed E; and that with a third calculation module, a fuel injection amount B, 
outside of shifting processes when the clutch is not slipping from a current target 
fuel injection amount, is adapted to a target fuel injection amount F specified by the 
driver through the accelerator deflection A. 

[012] With such a control device, a clutch friction coating-sparing operation of the 

clutch can accordingly be guaranteed in any operating situation of a motor vehicle. 

[013] With respect to the clutch, in this connection, it can be a manually 

actuatable clutch or an independently engaging, preferably centrifugal force- 
actuated clutch whose centrifugal weights are radially deflected during an increase 
in engine rotational speed, and thus engage the clutch. 
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[014] It can be provided in a further development of the invention that the control 

device or the control apparatus is connected through a sensor line with a sensor 
for recording the actuation position of the clutch so that the various calculation 
modules mentioned can be activated and deactivated with certainty. 

[015] Moreover, the control device can also be connected with a sensor for 

determination of the rotational speed of the transmission output shaft so that by 
means of its rotational speed information, it can be concluded with certainty 
whether the motor vehicle is at a standstill or not for selecting the operating 
module. 

[01 6] Above and beyond this, the invention includes those variations in which the 

three operating modules are constructed in an apparatus separate from the 
control apparatus, whereby the latter is connected with the aforementioned control 
device using signal engineering. Such an apparatus can. for example, be a 
transmission control apparatus. 

[017] Finally it can be provided with respect to the gearshift that this is 

constructed as a manually or automatically shiftable gearshift. 

[018] The invention also concerns a method for controlling starting, driving and 

shifting processes of a motor vehicle of the model mentioned above. This method 
is presently characterized in that a target motor rotational speed D is calculated 
during shifting processes as a function of the transmission output shaft rotational 
speed G and the gear to be shifted toward which the motor rotational speed C is 
adjusted, and in that outside of shifting processes, when the clutch Is slipping, the 
fuel injection amount B is calculated and set for regulating power and rotational 
speed of the drive motor as a function of the accelerator angle A as well as of the 
motor rotational speed C and/or the transmission input shaft rotational speed E. 

[019] This method makes possible a control of the internal combustion machine 

that does justice to power requirements, as well as an actuation that reduces wear 
and tear of the clutch in shifting processes as well as in operating states with 
slipping clutch. A starting process also belongs to the latter, for example. 

[020] If a separate gearshift control apparatus is used, the target motor 

rotational speeds D calculated for the shifting processes of the transmission or 



t4- MARKED-UP SPECIFICATION 

those target motor rotational speeds D which have been formed during starting 
processes with slippage just as from the accelerator angle A, the motor rotational 
speed C and/or the transmission input shaft rotational speed E can 
advantageously be directly transmitted as target rotational speeds to the control 
device or its calculation modules so that the calculation expenditure for the value 
of a target-oriented fuel injection amount B suited to demand can be omitted, or 
at least be diminished in the transmission control apparatus. The aforementioned 
calculating expenditure is then incumbent upon the manufacturer of the internal 
combustion engine which uses the control apparatus as a power control apparatus. 

[021] This manner of proceeding advantageously allows not exceeding a 

previously determined motor rotational speed, for example in connection with a 
starting process from a standstill even with a completely disengaged clutch and full 
gas position, and thus being able to actuate the clutch and if need be also the 
synchronization equipment in the gearshift with diminished wear and tear. 

[022] In a preferred furtherdevelopment of the method, it is additionally proposed, 

besides starting and shifting processes when the clutch is not slipping, that the fuel 
injection amount B of a current value be adapted to a fuel injection amount F 
specified by the driver through an accelerator deflection A. In this way, the power 
output of the drive motor takes place during the clutch actuation-free operating 
time of the motor vehicle directly according to the power specification of the driver. 

[023] Furthermore, it Is considered advantageous that a target engine rotational 

speed D depending upon the transmission output shaft rotational speed G be 
ascertained for a shifting process of the transmission through which the travel 
speed of the motor vehicle is also taken into consideration. 

[024] Moreover, the method is preferably so operated that the target motor 

rotational speed D is formed depending upon the torque characteristic of the drive 
motor and/or the gear ratio of the power train as well as the transmission output 
rotational speed G. 

[025] As already indicated In the explanation of the device features of the 

invention, it is appropriate for differentiating the operating situations of the motor 
vehicle to ascertain the rotational speed G of the transmission output shaft so that 
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in this way it can be ascertained with certainty whether the vehicle is at a standstill 

or is already traveling. 
[026] Above and beyond this, it is viewed as advantageous if the actuation 

position of the starting and shifting clutch is ascertained for determining the 

operating situation of the motor vehicle and is taken into consideration in 

implementing the method. 
[027] Moreover, the regulation of the motor rotational speed C to a target motor 

rotation speed value D will preferably take place when a clutch slip is ascertained 

by a comparison of the motor rotational speed with the transmission input shaft 

motor speed which exceeds a specified slip target value. 
[028] With an advantageous refinement of the invention, a gear is only engaged 

inside shifting processes when the target motor rotational speed D, the motor 

rotational speed C and the transmission input shaft rotational speed E do not 

deviate from one another further than a specifiable rotational speed amount. 

Preferably this specifiable rotational speed amount is enlarged after introducing the 

gear engagement. 



[029] BRIEF DESCRIPTION OF THE DRAWINGS 

[030] To c l arify th e The Invention , a drawing i s append e d to th e d e scr i pt i on on th e 

bas i s of wh i ch an e mbodiment w i th furth e r f e atur e s and advantag e s will now be 
explain e d b el ow, wh e r e in described, bv wav of example, with reference to the 

accompanvinq drawings in which: 
[031] FIG. 1 is a schematic view of a motor vehicle power train, and 

[032] FIG. 2 is a qualitative time course of various characteristic curves of the 

power train in accordance with FIG. 1 in connection with a starting process. 

[033] DETAILED DESCRIPTION OF THE INVENTION 

[034] A power train 1 of a motor vehicle represented in FIG. 1 includes a drive 



motor 2 constructed as an internal combustion motor which is connected through a 
crankshaft 3 with a manually actuatable shifting and starting clutch 4. This 
clutch [[3]] 4 can also be constructed such that the latter can be engaged 
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independently as a function of centrifugal force by the rotational speed of an input- 
side component of the same. 

[035] The output side of the clutch 3 stands in drive engineering connection with 

a transmission input shaft 5 of a gearshift 6. The gearshift 6 is constructed as an 
automatically shiftable transmission whose transmission output shaft 7 drives a 
differential transmission 8 from which drive shafts 9, 10 leading to the motor 
vehicle wheels 11,12 issue. 

[036] A control apparatus 1 3 is allocated to this power train 1 which is constructed 

here as a motor control apparatus. This motor control apparatus 13 receives a 
status description through a large number of sensors. A sensor 15 for determining 
the angle of deflection A of the accelerator, a sensor 17 for recording the motor 
rotational speed C and a sensor 21 for ascertaining the transmission input shaft 
rotational speed E belong to the sensors which are important for this invention. 
Moreover, the transmission output shaft rotational speed G is ascertained on the 
transmission output shaft 7 with the aid of a transmission rotational speed output 
shaft sensor 23 and the clutch actuation position is measured as well with a 
transmission rotational input shaft sensor 1 9. The aforementioned sensors 15,17, 
19, 21 and 23 are connected with the control apparatus 13 through sensor lines 
16, 18, 20, 22, 24 even if signal transmission can also take place wirelessly. 

[037] Besides this, FIG. 1 shows that a clutch pedal 25 is allocated to the power 

train 1 with which the clutch 4 can be brought into various actuation positions such 
as "engaged." "disengaged," or "slipping" through a clutch actuation device 26 
arranged on the clutch 4. 

[038] Finally it is indicated in FIG. 1 through a control line 30 represented in 

dotted lines that the shift actuation of the automatic gearshift 6 can likewise be 
controlled by the control apparatus 13 even if a separate transmission control 
apparatus is usually provided for this purpose. 

[039] For realizing the objection posed, it is now provided that the control 

apparatus 1 3 has a first calculation module 28 with which a target motor rotational 
speed D is calculated during shifting as a function of the transmission output shaft 
rotational speed G and the gear ratio of the gear to be shifted, to which the motor 



t7. MARKED-UP SPECIFICATION 

rotational speed C is adjusted. In this way, it is assured in any operating situation 
of the nnotor vehicle that no strong clutch wear and tear, triggered by the behavior 
of the motor vehicle operator, occurs. 

[040] In addition to this, this control apparatus 13 has a second calculation 

module 29 with which a target fuel injection amount B is set directly as a function 
of the accelerator angle A, the motor rotational speed C and/or the transmission 
Input shaft rotational speed E for regulating the motor power and motor rotational 
speed outside of shifting processes. 

[041 ] A third calculation module 32 becomes active outside of shifting processes 

when the clutch is not slipping and adapts the applicable fuel injection amount B 
to a target fuel injection amount F just specified by the motor vehicle driver. This 
specification takes place, for example, through the deflection of the accelerator by 
accelerator pedal angle A and is preferably used during the driving operation 
phase without clutch actuation. 

[042] As is illustrated by control [[line]] lines 27, 31, the control apparatus 13 

stands in signal engineering connection with the power element of the drive motor 
2 so that, as a function of the aforementioned operating situations, the drive motor 
2 is adjusted to the target motor rotational speed D depending upon the measured 
motor rotational speed C, the measured transmission output shaft rotational 
speed G and/or the transmission input shaft rotational speed E, or only those 
starting and shifting, relevant motor rotational speeds are allowed which lead to the 
desired wear and tear-free operation of the clutch 4. The aforementioned power 
element is formed in the present example by the fuel injection valve of the drive 
motor. 

[043] The qualitative course over time of some power train parameters important 

in this connection is represented in FIG. 2 for a starting process. Here the 
accelerator is deflected up to the stop by the motor vehicle driver beginning from 
time tt and held in this position in the further course which becomes clear through 
the steep rise and then constant value of the accelerator deflection angle. Without 
the regulatory intervention of the invention, the motor rotational speed C would 
follow this presently unacceptable power demand so that a rotational speed 
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difference between the input side (crankshaft 3) and the output side (transmission 
input shaft 5) of the clutch 4, which would strongly exert wear and tear on the 
friction coating of the clutch, would exist for engaging In this starting process. 

[044] To avoid this damaging effect, the invention provides with respect to method 

that an optimal target motor rotational speed D Is calculated for this starting 
process toward which the motor rotational speed C is adjusted. The measured 
deflection angle A of an accelerator 14, the motor rotational speed C and/or the 
transmission input shaft rotational speed E enter into the calculation of this motor 
rotational speed. Preferably the torque characteristics of the drive motor 2 and the 
primary shift gear reduction ratio 6 can also be considered. 

[045] Accordingly, the fuel injection signal (curve B) is triggered between points 

in time t^ and tg caused by the accelerator deflection A, in accordance with which 
fuel is injected into its combustion chamber through the aforementioned fuel 
injection valves. As soon as the motor rotational speed D is present in the form of 
a first intermediate value at time tg, the admission of fuel to the drive motor 2 is 
stopped. The motor rotational speed C has, likewise up until then, reached an 
intermediate value which lies barely below the value of the motor rotational speed 
D which is present from time on. 

[046] From this point in time on, the motor rotational speed C is adjusted to the 

now constant value of the target motor rotational speed D so that from this point 
in time on, fuel is again admitted to the drive motor 2 according to the 
chronological sequence of the fuel injection amount B, in order to avoid a speed 
undershoot. The required fuel amount rises continuously during following 
chronological sequence. 

[047] By this point in time t4 the clutch 4 begins to transmit torque which becomes 

clear through the rise of the transmission input shaft rotational speed E. 
The clutch 4 transmits torque at first only slippingly from time t4 on, during the 
clutch closing process until this is completely closed at time tg and the transmission 
input shaft rotational speed E has reached the value of motor rotational speed C. 

[048] If the complete deflection of the accelerator 14 (curve A) continues further, 

the fuel injection amount B is further increased after time tg in consequence of 
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which the motor rotational speed C rises further, owing to which a speedy start is 
guaranteed. 

[049] A similar curve course is also to be noted in connection with shifting 

processes on gearshift 6. Nonetheless the target motor rotational speed D is then 
formed by the transmission output shaft rotational speed G and the gear ratio of 
the gear of the traveling motor vehicle to be shifted to which the current motor 
rotational speed C is adjusted. 

[050] Accordingly, FIG. 2 also makes clear that in starting processes, a motor 

rotational speed D is calculated as a function of the measured accelerator 
deflection angle A to which the motor rotational speed C is adjusted. In this way, 
it is avoided in such operating situation that strongly wear and tear-promoting 
motor rotational speeds and therewith differential rotational speeds between the 
input and the output side of the clutch 4 arise through impetuous accelerator 
deflection. Outside and inside shifting processes, the motor rotational speed C is 
regulated directly by specifying the target fuel injection amount. If the fuel injection 
amount F specified by the driver is attained in the slip-free phase of the clutch 
during adaptation of the fuel injection amount B, influencing the fuel injection 
amount B can be shut off. The drive motor 2 then receives the fuel injection 
amount F. Once again, if slippage is subsequently recognized on the clutch, 
the fuel injection amount B is fed to the drive motor 2 to set the motor rotational 
speed D on the drive motor 2. 



Reference numbers 
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1 power train 

2 internal combustion motor, drive motor 

3 crankshaft, drive shaft 

4 shifting and starting clutch 

5 transmission input shaft 

6 gearshift 

7 transmission output shaft 

8 differential transmission 

9 drive shaft 

10 drive shaft 

1 1 motor vehicle wheel 

1 2 motor vehicle wheel 

13 control apparatus 

14 accelerator 

1 5 accelerator sensor 

16 sensor line 

1 7 motor rotational speed sensor 

18 sensor line 

1 9 sensor transmission input shaft rotational speed 

20 sensor line 

21 sensor for clutch position 

22 sensor line 

23 sensor transmission output shaft rotational speed 

24 sensor line 

25 clutch pedal 

26 clutch actuation device 

27 control line 

28 calculation module (shifting) 

29 calculation module (no shifting and slipping) 
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30 control line 

31 control line 

32 calculation module 

A accelerator deflection angle 

B fuel injection amount (calculated) 

C motor rotational speed 

D target motor rotational speed 

E transmission input shaft rotational speed 

F target fuel injection amount 

(specified by accelerator deflection angle a) 

G transmission output shaft rotational speed 



